The aim of this study was to evaluate the safety, tolerability, and effects of AMG 145 on low-density lipoprotein cholesterol (LDL-C) in healthy and hypercholesterolemic subjects on statin therapy.
Background
Proprotein convertase subtilisin/kexin type 9 (PCSK9) down-regulates surface expression of the low-density lipoprotein receptor (LDL-R), increasing serum LDL-C. AMG 145, a fully human monoclonal antibody to PCSK9, prevents PCSK9/LDL-R interaction, restoring LDL-R recycling.
Methods
Healthy adults (phase 1a) were randomized to 1 dose of AMG 145: 7, 21, 70, 210, or 420 mg SC; 21 or 420 mg IV; or matching placebo. Hypercholesterolemic adults (phase 1b) receiving low-to moderate-dose statins were randomized to multiple SC doses of AMG 145: 14 or 35 mg once weekly (QW) ϫ6, 140 or 280 mg every 2 weeks (Q2W) ϫ3, 420 mg every 4 weeks ϫ2, or matching placebo. Eleven subjects receiving high-dose statins and 6 subjects with heterozygous familial hypercholesterolemia were randomized to SC AMG 145 140 mg or placebo Q2W ϫ3.
Results
In the trials (AMG 145 n ϭ 85, placebo n ϭ 28), AMG 145 reduced LDL-C up to 64% (p Ͻ 0.0001) versus placebo after 1 dose Ն21 mg and up to 81% (p Ͻ 0.001) with repeated doses Ն35 mg QW. No serious adverse events (AEs) occurred. Overall incidence of treatment-emergent AEs was similar in AMG 145 versus placebo groups: 69% versus 71% (phase 1a); 65% versus 64% (phase 1b).
Conclusions
In phase 1 studies, AMG 145 significantly reduced serum LDL-C in healthy and hypercholesterolemic statintreated subjects, including those with heterozygous familial hypercholesterolemia or taking the highest doses of atorvastatin or rosuvastatin, with an overall AE profile similar to placebo. Low-density lipoprotein cholesterol (LDL-C) reduction (especially with statins) is the cornerstone of therapeutic efforts to reduce the risks of both first and subsequent cardiovascular events (1, 2) . Serum LDL-C levels are predominantly influenced by clearance of apolipoprotein B (ApoB)-containing lipoproteins via the low-density lipoprotein receptor (LDL-R) (3) . Proprotein convertase subtilisin/kexin type 9 (PCSK9) plays a major role in regulating hepatic LDL-R activity (3) (4) (5) (6) . Proprotein convertase subtilisin/kexin type 9 gain-of-function mutations increase plasma LDL-C and the risk of cardiovascular disease (7, 8) , whereas PCSK9 loss-of-function mutations reduce plasma LDL-C levels and cardiovascular risk (9, 10) . Several studies indicate that statins increase PCSK9 levels (11-14), suggesting that a PCSK9 antagonist might further reduce LDL-C levels in patients receiving statins.
AMG 145 is a fully human monoclonal antibody (immunoglobulin G2) that binds specifically to human PCSK9, preventing its interaction with the LDL-R and thereby restoring LDL-R recycling and LDL-C uptake (15) . We report results from 2 randomized, double-blind, placebocontrolled, ascending-dose phase 1 studies of AMG 145 in healthy adults and in subjects with hypercholesterolemia receiving stable doses of statins.
Methods

Subjects.
The phase 1a study enrolled healthy subjects (7 cohorts); the phase 1b study enrolled hypercholesterolemic subjects receiving stable statin therapy (7 cohorts: 5 receiving low-to moderate-dose statins, 1 receiving highdose statin therapy, and 1 with heterozygous familial hypercholesterolemia (HeFH) (score Ն9, World Health Organization criteria [16] ) (Fig. 1) .
The protocol and study procedures were approved by an institutional review board. All subjects provided written informed consent before study procedures were performed. Study design and treatment. In the phase 1a study, eligible subjects at 1 U.S. center were randomized (1 placebo/3 AMG 145) to a single dose of placebo or AMG 145, 7 mg to 420 mg administered SC or 21 mg or 420 mg administered IV in a 1-h infusion (Fig. 1A) . In the phase 1b study, conducted at 10 U.S. centers, subjects receiving lowto moderate-dose statins were randomized 1:3 to subcutaneous placebo or AMG 145 and sequentially assigned to 1 of 5 dose-escalation cohorts (14 mg QW ϫ 6 doses to 420 mg Q4W ϫ 2 doses) (Fig. 1B) . The high-dose statin and HeFH cohorts received 140 mg SC Q2W ϫ 3 doses or placebo. Endpoints and assessments. In both studies, the primary endpoint was the safety and tolerability of AMG 145; secondary endpoints included effects of AMG 145 on serum LDL-C (measured by a homogeneous direct assay). Additional lipid parameters, free PCSK9, Apo-B, and lipoprotein (Lp)(a) levels were also measured. On-study treatmentemergent and treatment-related adverse events (AEs) were reported; treatment-related AEs were those that the investigator felt might have been caused by the investigational product.
Methods used for safety and efficacy assessments are described in the Online Appendix. Statistical analyses. Safety analyses included all subjects who received Ն1 dose of AMG 145 or placebo. The analyses of the effects of AMG 145 on lipids included all subjects who received investigational product and had Ն1 post-baseline value. Descriptive statistics were used for demographic, safety, and efficacy data. All placebo subjects were pooled in the phase 1a study. In the phase 1b study, all placebo subjects were pooled for safety analyses; for lipid analyses, placebo subjects were pooled for dose-escalation cohorts and analyzed separately for the highdose statin and HeFH cohorts. As pre-specified, the ratio of LDL-C and other lipids to baseline at various time points was log-transformed and analyzed by repeated-measures analysis of covariance, with treatment, day, and treatment ϫ day interaction as independent variables; baseline LDL-C as a covariate; and subject as a random effect. Percentage changes were calculated as inverses of the ratios. Repeated-measures analyses analogous to those for LDL-C were done for all efficacy endpoints, and p values were generated.
Results
Study population.
In the phase 1a study, 56 healthy subjects were randomized and received the investigational product (AMG 145, n ϭ 42; placebo, n ϭ 14) (Fig. 2A) . Three AMG 145 subjects discontinued the study after receiving the investigational product, all for personal reasons and none because of AEs. In the phase 1b study, 57 subjects were randomized, received AMG 145 (n ϭ 43) or placebo (n ϭ 14), and completed the study; 3 subjects were randomized but withdrew before receiving the investigational product (Fig. 2B) . In both studies, baseline demographic data and disease characteristics were balanced overall between the AMG 145 and placebo groups ( Table 1) . Effects of AMG 145 on lipids. Treatment with AMG 145 resulted in significant, dose-dependent reductions in LDL-C in both studies (Fig. 3, Table 2 ). In the phase 1a study, single doses of AMG 145 Ն21 mg reduced mean LDL-C levels by up to 64% compared with placebo (p Ͻ 0.0001). Minimal differences in the magnitude or duration of LDL-C reduction were observed between equivalent subcutaneous or intravenous doses. In the phase 1b study, AMG 145 reduced mean LDL-C levels up to 81% versus placebo (p Ͻ 0.001) at nadir and by up to 75% versus placebo (p Ͻ 0.001) at the end of the dosing interval. The LDL-C reductions in the high-dose statin and HeFH cohorts were comparable to those in the dose-matched lowto moderate-dose statin cohort (Table 2) .
AMG 145 treatment also resulted in significant dosedependent reductions in ApoB versus placebo in both the Table 2 ). In the phase 1b study, ApoB reductions in the high-dose statin and HeFH cohorts were similar to those in the dose-matched low-to moderatedose statin cohort (Table 2) . Treatment with AMG 145 in phase 1b reduced mean serum levels of Lp(a) by 27% (35 mg QW ϫ 6, p ϭ 0.033) to 50% (HeFH cohort 140 mg Q2W ϫ 3, p Ͻ 0.001) versus placebo at the end of the dosing interval (Fig. 4 , Table 2 ). Significant, dose-related reductions in total cholesterol were also observed in both studies ( Table 2) . As expected, no treatment effects were observed on HDL-C or triglyceride levels (data not shown). AMG 145 significantly reduced free PCSK9 levels in both studies; the magnitude and duration of PCSK9 reductions influenced the extent and duration of LDL-C reductions (Fig. 5 ). In the phase 1b study, PCSK9 reductions in the high-dose statin and HeFH cohorts were similar to those in the dose-matched low-to moderate-dose statin cohort (data not shown). Safety, tolerability, and immunogenicity. Key safety data for both studies are summarized in Table 3 . The overall incidence of treatment-emergent AEs was similar between the AMG 145 and placebo groups (Table 3) . No serious AEs or AEs leading to discontinuation occurred during either study. No clinically important effects of AMG 145 were observed on selected laboratory parameters, electrocardiograms, or vital signs. No neutralizing antibodies to AMG 145 were detected during either study. AEs considered treatment-related by the investigator were reported in Figure 1 Study Design AMG 145 was evaluated in 2 randomized, double-blind, placebo-controlled ascending-dose phase 1 studies. HeFH ϭ heterozygous familial hypercholesterolemia; IV ϭ intravenous; QW ϭ weekly; Q2W ϭ every 2 weeks; Q4W ϭ every 4 weeks; SC ϭ subcutaneous.
43% of AMG 145 subjects and 71% of placebo subjects in the phase 1a study and in 23% of AMG 145 subjects and 14% of placebo subjects in phase 1b. One case of myositis was reported as an AE in each of 3 phase 1a subjects (7%, AMG 145). One event was reported as treatment-related; it was mild, occurred 21 days postdose concurrent with creatine kinase (CK) elevation Ͼ2.5 to 5ϫ the upper limit of normal (ULN), and resolved 23 days post-dose. Two moderate, non-treatment-related events were reported in phase 1a; both events occurred more than 80 days after AMG 145 administration, after strenuous physical activity, and were associated with CK elevations (1 subject, Ͼ5 to 10ϫ ULN; 1 subject, Ͼ10ϫ ULN). In both cases, no investigational product was detectable at the time of the event.
In phase 1a, the overall incidence of CK elevation reported as an AE was 21% for AMG 145 and 14% for placebo (Table 3) . In phase 1b, no significant differences between AMG 145 and placebo were observed in the incidence of treatment-emergent AEs of potential clinical importance. Two phase 1b subjects receiving AMG 145 (1 each in the high-dose statin and HeFH cohorts) had grade 3 CK elevations after strenuous physical activity.
Discussion
In 2 randomized, placebo-controlled, phase 1 ascendingdose studies, AMG 145-a fully human monoclonal antibody to PCSK9 -significantly lowered serum LDL-C Figure 2 Subject Disposition
Three subjects in each study discontinued the studies, none because of adverse events. Abbreviations as in Figure 1 . Values are n (%), mean Ϯ SD, or median (min, max). *In the study of hypercholesterolemic subjects (phase 1b), all doses of AMG 145 and placebo were subcutaneous (SC). †Percentages might not equal 100%, because of rounding. ‡The analysis excluded subjects with screening or baseline lipoprotein (Lp)(a) values below the level of quantification and one subject whose baseline value seemed implausibly high compared with post-baseline values. §One subject in the heterozygous familial hypercholesterolemia (HeFH) AMG 145 cohort was receiving simvastatin 40 mg/ezetimibe 10 mg. ApoB ϭ apolipoprotein B; HDL-C ϭ high-density lipoprotein cholesterol; IV ϭ intravenous; LDL-C ϭ low-density lipoprotein cholesterol; PCSK9 ϭ proprotein convertase subtilisin/kexin type 9; QW ϭ weekly; Q2W ϭ every 2 weeks; Q4W ϭ every 4 weeks. levels compared with placebo in healthy subjects and in subjects with or without HeFH who were receiving stable statin therapy. The reductions in LDL-C, driven by dosedependent reductions in free PCSK9, were rapid, doserelated, and consistent across cohorts. The LDL-C reduction seemed to be independent of statin type or dose and was consistent with results recently reported in 2 studies using another PCSK9 antibody, REGN727/SAR236553 (17, 18) . In contrast to the reported results with REGN727/ SAR236553 at a high dose (6), Q4W dosing with 420 mg AMG 145 in this study showed sustained reductions (Ͼ60%) over the 4-week dosing interval. AMG 145 also significantly reduced ApoB and Lp(a) versus placebo.
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Statins are associated with an increase in PCSK9 (11-14), which might theoretically impact the duration of effect with AMG 145 due to increased PCSK9 synthesis and faster antibody clearance. However, the magnitude and duration of LDL-C lowering observed in the cohort receiving the highest doses of atorvastatin or rosuvastatin were comparable to those of subjects receiving lower statin doses after 3 biweekly 140-mg doses of AMG 145.
Robust and sustained reductions in Lp(a) were observed in this study, consistent with those reported for REGN727/ SAR236553 (17, 18) . Lp(a), an LDL-like particle containing an ApoB molecule linked to apolipoprotein (a), is associated with an increased independent risk of coronary heart disease and stroke (19) . Other LDL-C-lowering agents that up-regulate LDL-R activity show no effect on Lp(a); thus, the mechanism of Lp(a) reduction with AMG 145 warrants further exploration. The safety and tolerability profile of AMG 145 was similar to that of placebo, and there were no serious AEs or discontinuations because of AEs. In summary, AMG 145 provided robust, significant reductions in plasma LDL-C levels versus placebo in different groups of hypercholesterolemic subjects with both Q2W and Q4W doses. The overall AE profiles were similar between AMG 145 and placebo groups. Treatment with AMG 145 may provide substantial LDL-C-lowering benefits in patients who do not respond adequately to statins or who cannot meet their LDL-C reduction goals on the highest doses of atorvastatin and rosuvastatin. Phase 2 studies building upon this foundation are in progress. Lp(a) ‡ n ϭ 3 n ϭ 4 n ϭ 4 n ϭ 2 n ϭ 5 n ϭ 7 n ϭ 3 n ϭ 13
End of the dosing interval Data from subjects who withdrew early were excluded. *The end of the dosing interval was day 43 for the QW and Q2W dose groups and day 57 for the Q4W dose group. †In the study of hypercholesterolemic subjects (phase 1b), all doses of AMG 145 and placebo were SC. ‡The Lp(a) level was measured on day 43 for all cohorts. The analysis excluded subjects with screening or baseline Lp(a) values below the level of quantification and 1 subject whose baseline value seemed implausibly high compared with post-baseline values. Abbreviations as in Table 1 .
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AMG 145 Effects on LDL-C, Safety, and Tolerability 
Values are n (%). *Adverse events (AEs) listed occurred in Ն3 of all subjects overall who received at least 1 SC or IV dose of AMG 145 or placebo. †In the study of hypercholesterolemic subjects (phase 1b), all doses of AMG 145 and placebo were SC. AE ϭ adverse event; CK ϭ creatine kinase; other abbreviations as in Table 1 .
